Sapphirine + quartz bearing garnet granulite from the Central Zone of the Neoarchean Limpopo Belt contains three categories of fluid inclusions: dominant pseudosecondary inclusions in garnet and plagioclase, secondary inclusions in matrix quartz, and least dominant primary inclusions in the same quartz grains. The melting temperatures of the trapped fluids lie in the range of -58.6 to -56.4 ºC. Homogenization of the pseudosecondary inclusions into the liquid phase occurs within the temperature range of +9.1 to +28.4, which correspond to CO 2 densities of 0.72 to 0.87 g/cm 3 . In contrast, primary inclusions homogenized at +6.1 ± 3.1 ºC, which translates into slightly higher densities of 0.87 0.91 g/cm 3 . The fluid densities, when computed into isochores, indicate entrapment of CO 2 at lower pressure than the peak P T condition of the rock. The results imply either influx of CO 2 rich fluids during post peak uplift or density reversal of peak metamorphic carbonic fluid. Lack of aqueous fluid inclusions and abundant pseudosecondary carbonic inclusions in the rock confirmed that low H 2 O activity condition is necessary to form unique sapphirine + quartz assemblage.
INTRODUCTION
The Central Zone of the Neoarchean Limpopo Belt is regarded as an example of continent continent collision type orogeny in southern Africa (e.g., van Reenen et al., 1990) . Recently, we discovered a new sapphirine + quartz assemblage within garnet in a garnet granulite from this zone (Tsunogae and van Reenen, 2006a) . The rock is composed of poikiloblastic garnet in a matrix of orthopyroxene, quartz, and plagioclase. Garnet is coarse grained (~ 3 cm) and contains numerous inclusions of sapphirine, staurolite, orthopyroxene, quartz, kyanite, rutile, and magnetite. Yellowish subhedral to anhedral staurolite (~ 0.7 mm) in garnet is Mg rich and shows a reaction texture with the host mineral, forming symplectitic sapphirine and quartz. Although sapphirine + quartz equilibrium is regarded as a robust evidence of ultrahigh temperature (UHT; T > 1000 ºC) metamorphism, the peak condition of this area (900 950 °C at 7 8 kbar; Tsunogae and van Reenen, 2006b ) is below the inferred stability temperature. This is probably due to the effect of Fe 3+ in the sapphirine (Fe 3+ /(Fe 2+ + Fe 3+ ) ~ 0.28) at high oxygen fugacity state, which is known to depress the stability temperature of sapphirine quartz equilibrium (e.g., Hensen, 1986) . Therefore, fluids present at sapphirine + quartz formation probably played an important role in stabilizing this unique mineral assemblage. However, fluid inclusion studies on sapphirine + quartz bearing rocks are still limited. In this study, we therefore applied petrographic and microthermometric investigations on fluid inclusions trapped in high grade minerals in garnet granulite from the Limpopo Central Zone. The results are considered to provide valuable information on the nature of fluids in lower crust and also on the role of fluid in the stability of sapphirine + quartz assemblage.
FLUID INCLUSIONS
Three types of fluid inclusions are present in the examined sample MPL1872. The most dominant category is pseudosecondary inclusions that occur along within grain cracks in garnet. They are irregular in shape and occasionally associated with carbonate phases (Fig. 1a) . Rounded pseudosecondary inclusions are present in matrix plagio-clase, but carbonate minerals are absent. The second category is secondary inclusions that are present along later cracks in coarse grained (~ 4 mm) quartz in the matrix with no sapphirine grains (Fig. 1b) . Such inclusions probably trapped fluid of an exhumation stage. These quartz grains also contain a cluster of 5 to 20 inclusions, forming the third category (Fig. 1c) . The clusters represent the "primary" type of inclusion (group of synchronous inclusions, as per the scheme of Touret, 2001 ) with respect to pseudosecondary inclusions in garnet and plagioclase, and secondary inclusions in quartz.
Microthermometric measurements were performed with Linkam heating/freezing system at the University of Tsukuba. The dominant category of inclusions in all the minerals is monophase at room temperature. On supercooling, they freeze into a solid aggregate and on slow warming, abrupt melting occurs at temperatures (T M s) at -58.6 to -56.4 ºC, which is close to the triple point of pure CO 2 (-56.6 ºC) (Fig. 2a) . The slight depression in T M s of some pseudosecondary inclusions suggests the probable presence of traces of additional fluid components such as N 2 and CH 4 . On continued heating, all the fluid trapped within the inclusions homogenized into the liquid phase except secondary inclusions in quartz that homogenized into the vapor phase. Homogenization temperatures (T H s) are compiled in Figure 2b , and fall within the range of +3.6 to +28.4 ºC. T H s of primary fluid inclusions in quartz indicate a sharp peak at +6.1 ± 3.1 ºC probably reflecting capture of fluids from a single fluid infiltration event. In contrast, T H s of pseudosecondary inclusions in garnet and plagioclase show a relatively broad distribution, from +9.1 to +28.4 ºC, which are significantly higher than those of primary inclusions. . Knowledge on the composition of a fluid phase and its density constrains it to lie along an "isochore" in P T space. In this study, isochores were calculated using the computer program "FLINCOR" developed by Brown (1989) and thermodynamic model of Brown and Lamb (1989) . The results are shown in Figure 3 together with available P T path for the studied area.
DISCUSSION
Microthermometric measurements of fluid inclusions in sapphirine + quartz bearing garnet granulite from the Limpopo Central Zone indicate that the trapped fluid inclusions are dominantly CO 2 rich. The ranges of CO 2 isochores in Figure 3 suggest that the fluid densities are not sufficiently high to indicate entrapment of CO 2 at the peak thermal conditions because the corresponding isochores do not pass through the peak P T condition (900 950 ºC at 7 8 kbar), although these inclusions are texturally primary or pseudosecondary. This is probably because the fluid entrapment in the rocks occurred during post peak conditions along a retrograde path during exhumation. Lack of high density primary inclusions in garnet and orthopyroxene may suggest that the peak metamorphism was nearly fluid absent, and that the influx of CO 2 rich fluids occurred during post peak uplift. An alternate explanation is that, as the rock underwent significant pressure decrease during rapid uplifting, fluid inclusions experienced density reversal due to sudden volume changes of the inclusion cavities. Such near isothermal decompression after the peak event is supported by the occurrence of orthopyroxene + cordierite corona around the examined garnet. Similar examples of density reversal of peak metamorphic carbonic fluids have been reported from fluid inclusions in some UHT terranes that followed clockwise P T path (e.g., Tsunogae et al., 2003) .
Recent accumulation of fluid inclusion data on UHT terranes suggests that high density (> 1.0 g/cm 3 ) CO 2 rich fluids were present at peak metamorphism (e.g., Tsunogae et al., 2002; Santosh and Tsunogae, 2003) . Although we could not trace fluids at the peak metamorphism of the studied area, lack of primary aqueous fluid inclusion as well as the occurrence of abundant pseudosecondary carbonic inclusions in the rock suggest that activity of H 2 O was probably low during the peak metamorphism of the Limpopo Central Zone. This is consistent with the rare occurrence of hydrous minerals in the (1) indicates the stability field of sapphirine + quartz (after Harley, 1998) , while area (2) indicates semi quantitative stability field of sapphirine + quartz due to the effect of minor components such as Fe 3+ and Be in sapphirine. Grey arrow and shaded P T boxes indicate the approximate P T trajectory of the studied area with estimated P T conditions (after Tsunogae and Miyano, 1989; Tsunogae and van Reenen, 2006b ). Phase relations of aluminosilicates are based on the thermodynamic data of Holland and Powell (1998). rock. Our fluid inclusion study therefore confirmed that low H 2 O activity condition is necessary to form unique sapphirine + quartz assemblage in UHT rocks.
